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DETECTION AND AMPLIFICATION OF TARGET NUCLEIC ACID SEQUENCES 

This application is a continuation in part of Serial No. 238,649 filed August 30, 1988, now abandoned. 
This earlier application is incorporated by reference in its entirety. 



s Background of the Invention 



1. Field of the Invention 

w This invention relates to a method for detecting and amplifying a target nucleic acid sequence in a 
sample. In particular, this invention relates to a polymerase chain reaction which is amenable to automation. 
With a polymerase chain reaction (PCR), one can "amplify" (i.e., increase the number of) target 
oligonucleotide molecules in a sample to be analyzed for the presence of that target sequence. 

75 

2. Description of Related Art 

One type of polymerase chain reaction is disclosed in U.S. Patent Numbers 4,683,202 and 4,683,195 
which are incorporated herein by reference. In this type of polymerase chain reaction, two complementary 

20 polynucleotide strands are amplified by treating the strands with two oligonucleotide primers such that an 
extension product of each primer is synthesized which is complementary to each nucleic acid strand. The 
primers are selected such that the extension product of one primer forms a template for the synthesis of an 
extension product from the other primer once the extension product of the one primer is separated from the 
template. A chain reaction is maintained by a cycle of denaturing the primer extension products from their 

25 templates, treating the single-stranded molecule generated with the same primers to reranneal, and allowing 
the primers to form further extension products. The cycle is repeated for as many times as it takes to 
increase the target nucleic acid segments to a concentration where they can be detected. 

Typically, the amplified target sequence is detected by denaturing the double-stranded products formed 
by PCR, and treating those products with one or more reporter probes which hybridize with the extension 

30 products. The reporter probe has a detectable label, and is usually added in excess. The unhybridized 
reporter probe, therefore, must be separated from the hybridized reporter probe requiring a separation step. 
In another method of detecting the extension products without- reporter probe and a separation step, the 
extension products are detected by gels stained with ethidium bromide. 

Regardless whether reporter probes or gels are used, prior PCR methods are quite different to 

35 automate. Using reporter probes requires denaturing the extension products, annealing the reporter probe, 
and in some cases separating excess reporter probe from the reaction mixture. Using gels, of course, is 
time consuming, labor intensive, and thus impractical to automate if rapid results are desired. 



40 Summary of the Invention 

The present invention is a method and kit for amplifying and detecting target nucleic acid sequences. 
The method involves hybridizing to each of the target and its complementary strand an oligonucleotide 
primer conjugated to a member of- a reactive pair. In the presence of target, an extension product 

45 complementary to each nucleic acid strand is synthesized from each primer, the extension product of each 
primer forming a template for the synthesis of further extension products from the other primer once the 
extension product is separated from its complement. The primer extension products are separated from the 
templates on which they were synthesized to produce single-stranded molecules. The single-stranded 
molecules are treated with the primers under conditions that a primer extension product is synthesized 

so using each of the single strands produced as templates to form further double-stranded products. The 
double stranded products are captured on a solid phase having immobilized thereon the other member of 
one of the reactive pairs associated with the primer so that the double-stranded products become linked to 
the solid phase by the one reactive pair. Before, during or after the solid phase capture step, the double 
stranded products are treated with the other member of the other reactive pair labeled with a detectable 
moiety whereby the double-stranded products are labeled with the detectable moiety. The detectable 
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moiety associated with said solid phase is then detected to indicate whether any target was present in the 
original sample. 

This method, therefore, provides an easy separation step using a sojid phase whereby the labeled 
extension products can be separated from the reaction mixture at the same time that the bound label is 
5 separated from any unbound label. 

The current invention also involves kits for performing DNA probe assays, which kits include primers at 
least one of which has a first reactive pair member linked thereto as well as solid phase materials having 
linked thereto a second reactive pair member reactive with the first reactive pair member. 

10 

Brief Description of the Drawings 

Figure 1 is a schematic of a first embodiment of the present invention where two primers are 
employed,- each of which is linked to a member of a reactive pair; Figure 2 is a schematic of a second 
is embodiment of the present invention where two pairs of primers, one pair "nested" within the other, are 
used, the nested pair each having a reactive pair member linked thereto; 

Figure 3 is a schematic of a third embodiment of the present invention where three primers are 
employed, one primer nested within the other two; 

Figure 4 is a schematic of a fourth embodiment of the present invention where two pairs of "nested" 
20 primers are employed, one pair having one member of one reactive pair linked thereto, the other pair 
having one member of a second reactive pair linked thereto; 

Figure 5 is a schematic of a fifth embodiment of the present invention employing two primers, one 
being linked to a member of a reactive pair, the other being linked to a detectable moiety; 

Figure 6 is photoprint of the results of a non-instrument read assay, wherein the probes at top left 
25 contained neither biotin nor fluorescein, at top right, biotin only, at bottom left, fluorescein only, and at 
bottom right, both biotin and fluorescein; and 

Rgure 7 is a photoprint of an immunochromatographic assay, wherein the probes on strip 0 
contained neither biotin nor fluorescein, on strip F, fluorescein only, on strip B, biotin only, and on strip BF. 
both biotin and fluorescein. 

30 

Detailed Description of the Invention 

The current invention involves a polymerase chain reaction (PGR) using "capture" oligonucleotide 
primers each of which is conjugated to a member of a reactive pair. In Rgure 1, a double-stranded target 

35 sequence is denatured (step A), and capture primers are annealed to the 3 end of each of the original 
target sequences (step B). It is important that the capture primers be of a length which does not permit one 
capture primer to hybridize with portions of the target, nucleotide strand complementary to the other 
capture primer. The capture primers are each linked or conjugated at their 5 ends to a member of a 
reactive pair (defined below), each member being illustrated graphically by a circle or a triangle. While 

40 apparently not essential to this invention, the presence of a reactive pair at the 5 end has the additional 
effect of blocking any degradative reaction of 5 -3' exonucleolytic activity. 

Primer extension products are then synthesized using a DNA polymerase to extend the 3 end of each 
of each primer (step C). The extension products are then separated from their templates by denaturing the 
double-stranded products of step C. and new primers are annealed to the extension products of step C (see 

45 . step D). Additional extension products are then synthesized (step E). Step D Is repeated using the double- 
stranded products of step E for as many cycles as is necessary to increase the concentration of target 
sequence to a level where it can be detected. 

When the PGR is completed, double stranded products (step F), each strand of which has a member of 
a reactive pair at its S end represented by circles and triangles, wilt predominate in the reaction mixture. 

so Suitable reactive pair members include covalent and non-covalent reactive pairs. Suitable non-covalent 
reactive pairs include typical ligand-antiligand members such as antibody and antigen, biotin and avidih, 
enzyme and enzyme receptor, carbohydrates and lectin, enzyme and enzyme cofactors. and a pair of 
complementary DNA strands. It is preferred that the reactive pairs be selected from specific binding 
members, i.e., those members which have a non covalent specificity for one another (e.g. biotin and avidin, 

55 or antibody and antigen, or the like). Suitable covalent reactive pairs include a free thiol (attached to the 5 
end of each primer) which reacts with heavy metals such as lead or mercury (attached to the solid phase or 
label). 

The products to be detected (step F) are separated from the reaction mixture by reacting one of the 
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reactive members (e.g., represented by the triangles) with the second member reactive or complementary 
with it, where the second member is conjugated or linked to a solid phase such as the microparticles 
shown. With the extension products attached to a solid phase, the extension products can be separated 
from the reaction mixture by filtering or passing through the IMx(R) disposable reaction cell sold by Abbott 
5 Laboratories. 

Other solid phases can also be used. For instance, the second member can be directly linked to a 
medium (e.g., a membrane or filter), and the extension products passed thorugh the medium and captured 
directly on it. Beads or columns can also be used in conventional solid phase separation techniques to 
remove the extension products from the reaction mixture, provided of course, the beads or column have the 

10 second member of the reactive pair linked thereto. 

Before, during or after solid phase separation, the other reactive pair member (e.g., represented by the 
circle) is reacted with the second member of its reactive pair specific to it, where the second member is 
labeled with a detectable label as defined below. As can be seen (step H), a conjugate is formed with two 
complementary oligonucleotide strands each of .which has at its 5 end a reactive pair member (preferably a 

75 specific binding member) which is linked via the other member of the reactive pair to either a label or a 
solid phase, the excess label/reactive pair member conjugate member is separated from bound label 
preferably by filtration using the microparticles linked to the opposite end of the DNA strand. 

Once the solid phase is separated from the solution, any label associated with the solid phase indicates 
that primer extension products were formed using the original target nucleic acid sequence as a template. 

20 In the absence of target sequence, no extension products would be formed and the double stranded 
complex of step H would not be possible. 

The present method of PCR is easy to automate. With oligonucleotide capture primers - each of which 
is conjugated to a member of a reactive pair - the primers can be processed to amplify the target sequence 
using conventional techniques. However, once the double-stranded products (step F) are formed, no 

25 denaturation and addition of a reporter DNA probe is necessary. The extension products can be left double- 
stranded, can be detected with a labeled reactive member, and separated (before, during or after detection) 
with a reactive member conjugated to a solid phase. 

Preferably, the reactive member on one capture primer is different from the reactive member on the 
other capture primer. Most preferably, the two reactive members are selected from different pairs of 

30 reactive members. For instance, where the reactive member on the primer reactive with the solid phase 
conjugate is biotin (the solid phase conjugate including avidin or anti-biotin). the reactive member on the 
other primer to be conjugated with the label could be a hapten or an antigen which is reactive with a labeled 
antibody. Thus, the labeled reactive member will not cross react with the solid phase conjugate, and the 
reactive members at each end of the amplified products (step F) will not react with each other. 

35 Alternatively, the reactive pair members conjugated or linked to each capture primer can be the same. 
While this configuration may be more useful in agglutination-type assays, it is less desirable for solid phase 
capture configurations, since it is more difficult to ensure that the double stranded complex will attach to 
both solid phase and label conjugate. 

The method of linking or conjugating a reactive pair member to a DNA primer depends, of course, on 

40 the type of reactive pair member used. However, the linkage preferred will be a covalent bond through the 
5' hydroxy! group. In one procedure, a primary aliphatic amine is added to the 5 hydroxy! of the 
oligonucleotide during primer synthesis via phosphoramidite chemistry. Subsequently, this amine is reacted 
with a hapten species (e.g. fluorescein isothiocyanate, or biotin-N-hydroxysuccinimide ester) to yield a 
primer linked to a reactive pair member. 

45 Extension products are formed by exposing the primers annealed .to their templates to a DNA 
polymerase, preferably a temperature stable DNA polymerase such as the Tag polymerase disclosed in 
European Patent Specification 258,017. The DNA polymerase will, of course, copy the template strand 
synthesizing DNA from the primers in the 5 to 3' direction. Temperature stable polymerases are preferred 
because the preferred way of denaturing the double stranded extension products is by exposing them to a 

so high temperature (e.g. about 95 degrees centigrade) during the PCR cycle as disclosed in U.S. 4,683,202. 
However, if different methods of denaturing the extension products are used, other DNA polymerases or 
fragments thereof may be employed, including a Klenow fragment 

This invention can also be practiced with "nested" primers (Figure 2), A double-stranded target 
sequence (step A, Figure 2) is denatured, and "primary " primers are annealed to the single strands in the 

55 target region of interest The primary primers hybridize to regions P2 and Pi at the 3 ends of the 
respective target strands. Using PCR, primary extension products are then synthesized (step C) and the 
process is repeated to obtain the desired degree of amplification. It is to be recognized that it does not 
matter how the target is first amplified in this embodiment and any method of amplification will suffice for 
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this step. 

One the desired degree of amplification with the primary primers is complete, secondary pnmers (step 
E t Figure 2) are annealed to the primary extension products produced in steps A-D. The secondary primers 
are "capture" primers and have at their 6 ends members of reactive pairs as defined above. The 

5 secondary primers are synthesized so as to hybridize at regions on their respective strands near or 
adjacent (but not overlapping) where the 3' terminus of the primary primers would be if hybridized to the 
same strands. It can be seen in step E, for instance, a first secondary primer hybridizes to a sequence Pi 
which is adjacent the sequence Pi where the first primary primer would hybridize if it were in solution with 
the secondary primers. A second secondary primer hybridizes at a region P 2 adjacent the region P 2 where 

io the second primary primer would hybridize if it were in solution. 

One or more, preferably one to ten PCR cycles are performed with the secondary (capture) primers to 
produce double-stranded extension products (step F, Figure 2) which have reactive pair members at each 
end of the double-stranded molecules. These double-stranded molecules can then be detected with label 
conjugates and separated with solid phase conjugates as previously described. 

rs The advantage of using nested primary and secondary primers is improved specificities. Secondary 
extension products will not be synthesized unless the secondary primers hybridize to the primary extension 
products. Thus, in the event that the primary primers hybridize to a*nucleic acid sequence other than the 
target desired, the secondary primers will not hybridize to the actual primary extension products. The 
secondary extension products will only be formed if the proper primary extension products are synthesized. 

20 Accordingly, the specificity can be improved if the secondary primers are added to the reaction mixture for 
one or more, preferably one to ten PCR cycles to produce a detectable concentration of secondary 
extension products. 

Instead of a pair of nested secondary primers, a single nested secondary primer can be employed 
(Figure 3) where a first pair of primers (Pi and P 2 ) are employed to form primary extension products. One 

25 of the primary primers (Pi) is a "capture" primer (ie. is linked to a member of a first reactive pair), whereas 
the other primary primer (P 2 ) is not A secondary "capture" primer P 2 (having a member of a second 
reactive pair at its Send) hybridizes to the primary extension products at a site near or adjacent (but not 
overlapping) the site where the 3 terminus of primer P 2 would hybridize if it were still in solution. A 
secondary extension product is formed using P 2 so that a double-stranded' oligonucleotide sequence is 

30 formed having reactive pairs at the S ends of both the individual strands. (One reactive pair member comes 
from the primary primer and the other comes from the secondary primer.) 

Alternatively, the primary primers (Pi and P 2; Figure 4) can be linked with the same first member of a 
first reactive pair and the secondary primers Pi' and P 2 ' can be linked with a first member of a second 
reactive pair different from the first" reactive pair. Thus, when secondary extension products are formed, 

35 hybrids such as those shown in Figure 4 having reactive pair members at the 5 ends at each strand are 
formed which can be separated by solid phase separation and labeled as described above. Although this 
embodiment is a plausible configuration, it has not been found to provide results as good as the other 
configurations and, therefore, is less preferred. 

A fifth embodiment of this invention is illustrated in Figure 5. The double stranded target (Step A) is 

40 denatured, and a pair of primers are annealed to the strands according to the procedures described above. 
However, one of the primers has linked to its 5 end a directly detectable label represented by the symbol 
"9". The other primer has linked to its 5' end a member of a reactive pair as before. Extension products 
are synthesized (Step C), and the PCR process is repeated as many times as necessary (Step 0, Figure 5) 
to obtain the desired degree of amplification. After amplification, the double stranded extension products are 

45 captured on a solid phase (e.g. the microparticle shown in Step E. Figure 5) which has the other member of 
the reactive pair (reactive with the reactive pair member on the extension products). Thus, the capture and 
direct detection can be accomplished simply by using one primer bearing a reactive pair member and the 
other primer bearing a detectable label directly attached to it 

In this fifth embodiment, it is preferred to employ a chemiluminescent or fluorescent label. The direct 

so linkage of a chemiluminescent label to the primer can be accomplished by reacting the 5 hydroxy of the 
one primer during primer synthesis to a primary aliphatic amine via phosphoramidite chemistry. The primer 
with the amine can then be reacted with an acridinium active ester to link the acridine to the primer. The 
primer can also be linked directly to a fiuorophore as described in Example 6 below. Either primer can then 
be used in PCR as described above. 

55 Besides chemilumophores, other detectable labels can be employed including chromophores and 
fluorophores provided the label can survive the temperature cycling required in the PCR process. 

The reactants employed in this invention can be provided in kit form to the user. The kit includes 
primers (at least one of which is linked with a member of a reactive pair), a DNA polymerase, and a solid 
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phase having the other member of the reactive pair. If the first embodiment of this invention is to be 
practiced, the kit would include two primers, each of which is linked to members of different reactive pairs, 
a detectable label-reactive pair member conjugate, and the solid phase conjugate and polymerase 
described above. If the second or fourth embodiments are to be practiced, the kit would include two pairs of 

5 * "nested primers" where at least one primer has a member of a reactive pair linked to it which member can 
bind to another reactive pair member linked to a solid phase also provided in the kit with DNA polymerase. 
If the third embodiment is to be practiced only one nested primer will be provided which primer has a 
reactive pair member linked to it. Finally, if the fifth embodiment is to be practiced, the kit would include 
two primers, one of which is linked directly to a detectable label and the other of which is attached to a 

10 member of a reactive pair. The kit would include a solid phase/reactive pair member conjugate and DNA 
polymerase. 

The invention will now be further described by the following examples. The examples are illustrative 
only and shall not be construed as limiting the invention in any way. 

75 

Example 1: Oligonucleotide Synthesis. 

Polymerase Chain Reaction (PCR) primers designated A through G (see Table 1 below) were 
synthesized on an Applied Biosystems 380B DNA synthesizer using 0-cyanoethylphosphoramidites. The 
20 couplings were performed with wait times of 30 sec, in order to maximize coupling yields. After the 
oligonucleotide chain synthesis was complete, Aminomodifier II® (Clontech, Palo Aito. CA) was added in the 
last cycle to give, upon oxidation and deprotection, a primary amine-terminated oligonucleotide chain. 



25 Example 2: Oligonucleotide Labeling 



The PCR primers from Example 1 were linked with a member of a reactive pair essentially following the 
protocol of Urdea, et al [Nucleic Acids Research 16(11) 4937-4956 (1988)]. 



30 . 




Reactive 


Table 1 




Designation 


„ Pair Member 






A 


none 


5VW\ATTCGCAGTCCCCAA^ 


35 


B 


none 


S-GCGGTATAAAGGGACTC^OSATGCT 




C 


Ft* 


S^HzTTGTO^G^ 




D 


FI* 


5 , -NH2^rTCATCCTGCTGCTATGCCTCA f U i ICnATTGG-3* 




£ 


Biotin 


5'-NH2"AGGGAAACTT AGAGTTGCCTTGAGCAGGAGirCGTG^ 


40 


. F 


Bio tin 


5'^H2-GCGGTATAAAGGGACTCACGATGCTGTACAGACTT^ 




G 


none 


S-TTGTCCTCGnTATaSCTGGATGTGTCT , 



*Where FI -fluorescein. 

45 

Where fluorescein is the member of a reactive pair (ie. primers C and D), sense primers (5 -NH2- 
TTQTCCTGGTTATCQCTGGATGTGTCTQCGGCGTT-3 and 5-NH2-CTTCATCCTGC 

so TGCTATGCCTCATCTTCTTATTGG-3 ) were treated with 2 mg of fluorescein isothiocyanate in 100 uL of 
sodium borate buffer, pH 9.0, at room temperature for 15 hours. The excess fluorescein was removed by 
passage of the reaction mixture through a NAP-5 column (Pharmacia, Piscataway NJ) which had been 
equilibrated with 10 mL of water. The solvent was removed from the eluate in vacuo, and the yellow residue 
was taken up into 150 uL formamide. The fluoresceinated oligonucleotide was purified by gel elec- 

55 trophoresis (12% polyacrylamide/8M urea) on a slab gel (0.15 x 40 cm) at 40 Watts constant power. After 
identification of the fluoresceinated band by UV shadowing, the primer was excised and extracted from the 
gei using 0.1 M TRIS, 0.5 M NaCI, 5 mM EDTA, at 60* C for 16 hours. 

Where biotin is the member of a reactive pair: (ie. primers E and F), antisense primers (5 -NH 2 - 
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AGGGAMCTTAGAGTTGCCTTGAGCAGGAGTCGTG-3' and 5 -NH 2 GCGGTATAA 

AGGGACTCACGATGCTGTACAGACTT-3 ) were dissolved in 100 uL of 0.1 M sodium phosphate buffer, pH 
7.5, and treated with 2 mg biotin-(aminocaproyl) 2 -N-hydroxysuccinimide ester in 100 nl dimethylformamide 
(DMF) for 16 hours at room temperature. These primers were purified by gel filtration and electrophoresis 
5 as described above for the fluorescein-labeled oligonucleotides. 



Example 3: A Single Pair of Capture Primers 

Two reactions containing 1 uL of a DNA solution with either 0 or 10 s hepatitis B virus (HBV) plasmid 
DNA molecules per uL was used as a target for 30 cycles of PCR with primers D and F (see Table 1, as 
prepared in example 2 with reactive pair members) in a buffer containing 10mM Tris pH 8.3, 50 mM KC1, 
2.5mM MgC1 2 , 200 uM of each deoxyribonucleotide triphosphate (dNTP), 0.01% gelatin, and 1.25 units of 
T aq DNA polymerase. The final oligonucleotide concentration was 0.1 uM each. Each sample was overlayed 
with a small volume of mineral oil. Samples were heat denatured at 94°C for 5 minutes prior to cycling. 
Each PCR cycle consisted of a 1 min. denaturation step at 94°C; a 2 min, annealing step at 50°C; and a 2 
min. extension step at 72°C. Reaction volume was 50 uL The amplified DNA product was 392 base pairs 
(bp) as determined by the physical location of the two primer sequences within the HBV surface antigen 
gene. The double labeled DNA products with reactive pair members at each end were detected by a 
microparticle immunoassay performed on a prototype of the Abbott !M X ® system using anti-fluorescein 
coated microparticles and an antibiotinralkaline phosphatase detection conjugate. The result was: 



No. of 
molecules 


Signal 


0 
10 s 


51.0 
323.8 



Example 4: Nested Pairs of Primary and Secondary Primers 

Six reactions containing 1uL of a stock DNA solution with either 0, 10 2 , 10 3 , 10*. 10 5 . 10 s HBV plasmid 
DNA molecules per uL was used as a target for 30 cycles of PCR using the HBV surface antigen gene 
specific primary oligonucleotide primers A and B. PCR reaction conditions were identical to those described 
in Example 3 except that the final oligonucleotide concentration was 1 uM each. The amplified DNA product 
was 492 base pair (bp) as determined by the physical location of the two primer sequences within the HBV 
surface antigen gene. 

After completing 30 PCR cycles. 5uL of each reaction was used as target for an additional 5 cycles of 
PCR (50 uL total reaction volume) using the HBV surface antigen gene specific oligonucleotide primers C 
and E (see Table 1, prepared as in Example 2 with reactive pair members) which hybridize with the target 
at a site adjacent (but not overlapping) the site where the 3' terminus of the primary primers A and B would 
be if hybridized to the same strands. The final oligonucleotide concentration was 1 uM each. The 203 bp 
PCR products with reactive pair members at each end of the double-stranded DNA molecules were 
detected by a microparticle immunoassay performed on a prototype of the Abbott IM X ® system using anti- 
fluorescein coated microparticles and an anti-biotin:aikaline phospatase detection. conjugate. Results were: 



50 
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s 



No, Of 


Signal 


moloculss 




0 


8.2 


10 2 


11.6 


10 3 


106.7 


10* 


611.8 


10 s 


984.2 


10 6 


1100.4 



Example 5; Single Nested Capture Primer 

Two reactions containing 1u,L of a DNA solution with either 0 or 10 s HBV plasmid DNA molecules per 
U.L was used as a target for 30 cycles of PCR with HBV surface antigen gene specific primary 
oligonucleotide primers A and F (See Table 1), primer F being prepared as in Example 2 with a single 
reactive pair member. Final oligonucleotide concentration was 1uM each. PCR reaction conditions were 
identical to those described in Example 4 above. 

After completing 30 PCR cycles t 5uL of each reaction was used as a target for an additional 5 cycles of 
PCR using the HBV surface antigen gene specific oligonucleotide primers C and F (see Table 1, prepared 
as in Example 2 with reactive pair members). The final oligonucleotide concentration was 1 u.M each. The 
440 bp double labeled ON A products were detected as described in Example 2. The result was: 



No. of 
molecules 


Signal 


0 
10 s 


36.2 
225.3 



35 

Example 6: Directly Labeled Primers 



Synthesis of direct label 

4-(2-carboxy-1-ethyl)-7-hydroxy-2-oxo-2H-1-Ben20pyran was synthesized according to the procedure 
diagrammed below, (through structure 5 ). The procedure is described in detail in commonly owned, 
copending application serial no. , (Attorney Docket No. D-17323). which is incorporated herein by 
reference. In each of the following cases, R represents Hydrogen. 



so 




C0 2 EI 
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5 6 



Briefly. 4-bromomethyl-7-methoxycoumarin ( 1 ) (Aldrich Chemicals) was converted to 4-(2-bis- 

50 (carbethoxy)-1-ethyl)-7-methoxy-2-oxo-2H-1-Benzopyran ( 2 ) as follows. 

To a suspension of 240 mg of 60% NaH mineral oil dispersion (6 mmol) in 10 mL of DMF was added 961 
Ul (6mmol) of diethyl malonate. After the foaming subsided and the suspension cleared to a solution, 1346 
mg (Smmol) of 4«bromomethyl-7-methoxycoumarin ( 1 ) was added all at once. After stirring for 4 h at room 
temperature, the DMF was stripped off, and the residue partitioned between 0.01 M HCi/hexane. The 

55 organic phase was concentrated and vacuum dried, then as much as possible was taken up into 4 mL of 
50/50 EtOAc/hexane. 

To a solution of 44.8 mg (0.13 mmol) of 4-(2-bis(carbethoxy)-1-ethyl)-7-methoxy-2-oxo-2H-1-Ben" 
zopyran ( 2 ) in 6 mL of DMSO was added 15 mg of NaCI, followed by 4.6 mL of water. The reaction was 
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stirred in an oil bath at 180* C for 2.5 h, and was cooled to room temperature. After addition of 45 mL of 
water to the reaction mixture, the resultant emulsion was extracted with 2x40 mL EtOAc. The organic phase 
was concentrated by rotary evaporation, and was vacuum dried. After uptake into 3 mL of 25% EtOAc in 
hexane, flash chromatography using the same solvent system gave 31.4 mg of 4-(2-carbethoxy-1-ethyl)-7- 

5 methoxy-2-oxo-2H-1-Benzopyran ( 3 ), 88%. 

To a suspension of 726 mg (5.4 mmol) of AlCIa in 10 mL of dichloromethane at 0 C was added 4 mL 
of EtSH. The suspension became a clear solution within seconds. Then, 298 mg (1 .08 mmol) of ( 3 ) in 4 
mL of dichloromethane was added, turning the yellow solution red in color. The ice bath was removed, and 
the reaction stirred to room temperature for 3 h. The solvents were removed in vacuo, and the residue 

10 thoroughly vacuum dried. The residue was extracted into EtOAc as much as possible, then the extract was 
flash chromatographed using 30/70 EtOAc/hexane. The long- and short-wave UV active band gave 76.7 mg 
(27%)of 4-(2-carbethoxy-1-ethyl)-7-hydroxy-2-oxo-2H-1-Ben2opyran ( 4 ) 

A 36.7 mg sample of ester ( 4 )was suspended into 10 mL of water, and 25 mL of 50% aqueous NaOH 
was added. The resultant solution was stirred at room temperature for 4 h. TLC analysis (30/70 

75 EtOAc/hexane) after this time showed that no starting material remained. The mixture was acidified using 1 
mL of 1 M HCI. A precipitate formed upon acidification, and the white solid was left to deposit for 1 h. After 
the solid was filtered off and thoroughly washed with 1 M HCI, it was vacuum dried to give 14.1 mg (43%) 
of analytically pure 4-(2-carboxy-1-ethyl)-7-hydroxy-2-oxo-2H-1-Benzopyran ( 5 ). 

20 

Direct Labelling of Primers 

4-(2-carboxy-1-ethyl)-7-hydroxy-2-oxo-2H-1-Benzopyran ( 5 ) was activated to 4-(2-carboxy-1 -ethy l)-7- 
hydroxy-2-oxo-2H-1-Benzopyran, N-hydroxy succinimide ester ( 6 ). as follows: To a suspension of ( 5 ) in 

25 6 mL of MeCN was added 4.7 mg (41 mmol) of N-hydroxysuccinimide, 8.4 mg (41 mmol) of dicyclohexyl- 
carbodiimide (DCCD) and 2 mg of 4,4-dimethylaminopyridine. The rection was stirred at room temperature 
for 24 h, and the solvent was removed in vacuo. The residue was taken up into 750 uL of DMF. Thereafter, 
( 6 ) was directly coupled with the antisense PCR primer, 5 -NH 2 - 
GCGGTATAMGGGACTCACGATGCTGTACAGACTT-3'. The resulting labelled oligonucleotide was purified, 

30 in 14% yield, in identical fashion to the primers containing a member of a reactive pair (See Example 2 
above). 

PCR and Detection of Labeled Primers 

35 

PCR was run using 100 pmol of each primer and 40 attomoles {Le. 40 x 10" 18 mole) of HBV target 
After addition of 0.5 units T aq polymerase and 2 nmol of the essential nucleotide triphosphates to a total 
volume of 100 uL, the reaction was cycled for 1 min at 95 'c (denature), 2 min at 50 * C (anneal), and 2 min 
at 74* C (primer extension). After 30 cycles, the microfuge tubes were left at 4* C. Agarose gel elec- 
40 trophoresis showed that the PCR generated a double-stranded product DNA band. With no added target 
the PCR did not proceed. 

The automated detection of double labeled PCR product was accomplished using antifluorescein-coated 
latex microparticles for capture and fluorescence detection as the readout. The antifluorescein was 
covalentiy coupled to carboxylated latex microparticles using EDAC. The fluorescence detection of 

45 microparticle-captured, coumarin-labeled. double-stranded product was done on a breadboard version of the 
IM X ® analyzer (Abbott Laboratories, IL) with modified software. The coumarin- labeled PCR primer 
possessed an excitation maximum at 378 nm, with an emission maximum at 460 nm. These maxima are 
well within the wavelength detection ranges for the IM X ®. The .protocol for the automated 
capture/fluorescence readout on the instrument is as follows: A 35 uL sample of PCR product was diluted to 

so 100 nl using ammonium carbonate buffer at pH 9. Then, 35 uL of solution was incubated with 75 uL of 
antifluorescein-linked microparticles (0.1% solid v/v) at 37* C for 10 min. After dispensing 100 uL of the 
incubation solution onto a fiberglass matrix and washing with ammonium carbonate buffer at pH 9, the 
signal on the microbeads was spectrophotometically determined and recorded as: 

55 
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PGR Product 


counts 


Fluorescein-Coumarin 
Ruorescein-Biotin 
Ruorescein-No label 


417 
388 
379 



NOTE: The units of the signal in this example are counts, because the coumarin label is always present and 
is not generated by an enzyme. In all previous cases, the signal units are counts/sec/sec. which is a rate. 
This is because the fluorescent moiety was generated by alkaline phosphatase, and it is the rate of this 
enzyme which is determined. 



Example 7 Non-Instrument Detection 

Four different double-stranded PCR products, produced as in Example 3, were presented for detection . 
by a microparticle immunoassay procedure. One PCR product contained no haptens (derived from primers 
B and G); another contained only fluorescein hapten (derived from primers B and C); a third contained only 
biotin hapten (derived from primers F and G); and the fourth contained both a fluorescein and a biotin 
hapten (derived from primers C and F). These PCR products were incubated with anti-fiuorescein coated 
microparticles and were captured on IM X ® wedges. Anti-biotin:alkaline phosphatase conjugate was added, 
and bound product was visualized by the addition of nitro blue tetrazolium/5-bromo-4-chloro-3- 



Example 8 Immunochromatographic Detection 

Four different double-stranded PCR products, produced as in Example 7, were presented for detection 
by an immunochromatographic technique as taught in publication EP 299 428. The PCR products were 
incubated with a suspension comprising anti-biotin-conjugated colloidal selenium disperse in a solution of 
30 150 mM NaCI, 100 mM TRIS. 2% alkali-treated casein, pH 7.4, for about 10 seconds. Into this suspension 
was dipped a strip of nitrocellulose (approx. 0.4 x 4.8 cm) onto which had been spotted, approx. 1 cm from 
the lower end. anti-fluorescein at a concentration of 0.2 mg/mL As capillary action caused the suspension 
. to migrate up the strip, the anti-biotin:selenium complex was retained on the strip only when both biotin and 
fluorescein were present on the PCR product (See Figure 7). 



Example 9 Spectrophotometry Detection 

Three different PCR products, produced as in Example 3. were presented for detection by a solid- 
phase enzyme immunoassay system using anti-fluorescein coated 1/4 inch polystyrene beads and an anti- 
biotin:aikaline phosphatase conjugate. One of these PCR products contained only biotin hapten; another 
only fluorescein hapten; and the third both biotin and fluorescein. Signal was measured using a Quantum© 
spectrophotometer (Abbott Laboratories). 



so 



PCR product 


Signal 


Biotin only 
Fluorescein only 
Biotin and Fluorescein 


0.133 
0.161 
0.565 



Other modifications will be apparent to those of ordinary skill in the art. Such modifications are to b< 
included within the scope of the present invention unless the claims which follow expressly state otherwise. 
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1. A method for amplifying and detecting a target nucleic acid sequence in a sample, comprising: 

a) hybridizing to each of the target and its complementary strand respective oligonucleotide primers, 

one of which is conjugated to a member of a reactive pair and the other of which is conjugated to or 

capable of reacting with a detectable moiety; 
5 b) synthesizing from each primer an extension product complementary to each nucleic acid strand, 

tine extension product of each primer forming a template for the synthesis of extension products from the 

other primer once the extension product is separated from its complement; 

c) separating the primer extension products from the templates on which they were synthesized to 

produce single-stranded molecules; 
w d) treating the single-stranded molecules generated from step (c) with the primers of step (a) under 

conditions that a primer extension product is synthesized using each of the single strands produced in step 

(c) as templates to form double-stranded products; 

e) capturing said double-stranded products from step (c) on a solid phase having associated 
therewith one member of said at least one reactive pair so that said double-stranded products become 

is linked to said solid phase by said reactive pain and 

f) detecting said detectable moiety associated with said solid phase. 

2. The method of claim 1 wherein the other primer of step (a) is directly conjugated to a detectable 
moiety, 

3. The method of claim 1 wherein the other primer of step (a) is conjugated to a first member of a 
20 second reactive pair, the second member of said second reactive pair being conjugated to a detectable - 

moiety, and wherein prior to step (f) the method further comprises treating said double stranded products 
with said second member of said second reactive pair. 

4. The method of claim 3 wherein said reactive pairs are selected from the group of antibody and 
antigen, biotin and avidin, enzyme and enzyme receptor, carbohydrate and lectin, biotin and antibiotin. and 

25 pairs of complementary DNA strands. 

5. A method for further amplifying and detecting amplified, double stranded target nucleic acid 
sequences in a sample, comprising: 

a) hybridizing to the complementary amplified target strands a pair of secondary oligonucleotide 
primers, each of said secondary primers being linked to first members of different reactive pairs; 

30 b) synthesizing from each secondary primer extension products complementary to the target nucleic 

acid strands, the extension product of each primer forming a template for the synthesis of extension 
products from the other primer once the extension product is separated from its complement; 

c) separating the primer extension products from the templates on whcih they were synthesized to 
produce single-stranded molecules; 

35 d) treating the single-stranded molecules from step (c) with the primers of step (a) under conditions 

that a primer extension product is synthesized using the single strands in step (c) as templates to form 
double-stranded products; 

e) capturing said double-stranded products from step (c) on a solid phase having associated 
therewith a second member of one of said reactive pairs, so that said double stranded products become 

40 linked to said solid phase by said reactive pain and 

f) before, during or after step (e), treating said double-stranded products of step (c) with detectable 
second members of the other of said reactive pair, said second members being reactive with the other of 
said first reactive members on said double-stranded products to link therewith; and 

g) detecting the detectable second members associated with said solid phase to indicate whether 
45 amplified products of the target strand are present 

6. The method of claim 5 wherein said first amplification is performed by PCR using a pair of primary 
oligonucleotide primers. 

7. The method of claims 1 or 5 wherein steps (c) and (d) are repeated at least once. 

8. In a method for amplifying and detecting target oligonucleotide sequences in a sample where for 
so each target sequence two primary primers are employed, one to hybridize with the target sequence and the 

other to hybridize with its complement to form primary extension products complementary to the target and 
its complement the primary extension products forming templates for the synthesis of further primary 
extension products from the primary primers, the improvement comprising: 

during or after the reaction of the primary primers and target sequence, treating the primary extension 
55 products with at least one additional secondary primer which can hybridize with at least one of the primary 
extension products at a site 3' to a primary primer's terminus to form secondary extension products, said 
secondary primer being linked to a member of a first reactive pair; and 
detecting whether secondary extension products are formed. 
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9. The method of claim 8 wherein said primary extension products are treated with at least two 
secondary primers, one secondary primer being linked to a member of a first reactive pair, and a second 
secondary primer being linked to a member of a second reactive pair. 

10. The method of claim 9 wherein at least one of said first and second reactive pairs is reactive with a 
detectable moiety, and said secondary extension products are detected by reacting said detectable moiety 
to said reactive pair and detecting said detectable moiety. 

11. The method of claim 9 wherein at least one of said secondary primers is linked with one member of 
a specific binding pair, and said secondary extension products are detected by separating the secondary 
products with a solid phase having linked thereto another member of said specific binding pair, and 
detecting whether secondary extension products are captured on said solid phase. 

12. The method of claim 8 wherein lat least one of said primary primers is linked to a member of a 
second reactive pair. 

13. The method of claims 3, 9 or 12 wherein both primers, conjugated to first members of a reactive pair 
are conjugated to members reactive with a common second member. 

14. In a method for amplifying and detecting target oligonucleotide sequences in a sample where for 
each target sequence at least two primers are employed, one to hybridize with the target sequence and the 
other to hybridize with its complement, to form extension products complementary to the target and its 
complement the extension products forming templates for the synthesis of further extension products from 
the primers, the improvement comprising: linking at least one of said primers to a first member of a reactive 
pair, separating said extension products from said sample with a solid phase having associated therewith 
the second member of said reactive pair, and detecting the other of said primers. 

15. The method as recited in claim 14 further comprising providing the other of said primers with a 
detectable label linked directly to it whereby said extension products separated with said solid phase can 
be detected with said label. 

16. The method of claim 14 wherein said reactive pair is selected from the group of antibody and 
antigen, biotin and avidin, carbohydrate and lectin, and enzyme and enzyme receptor. 

17. A kit for amplifying and detecting a target nucleic acid sequence, comprising: 

at least two primers, one primer complementary to said target sequence, and the other primer complemen- 
tary to the target-complementary sequence wherein primer extension products can be synthesized from 
said primers such that each extension product forms a template for the synthesis of further extension 
products from the primers and wherein at least one of said primers has a reactive pair member linked to it; 
a DNA polymerase; and 

a solid phase having linked thereto a member of a reactive pair which can bind to said reactive pair 
member on said one primer, 

18. The kit as recited in claim 17' wherein the other primer is linked to a first member of a second 

reactive pair. 

19. The kit of claim 18 further including a conjugate which includes a detectable moiety linked to the 
second member of said second reactive pair. 

20. The kit of claim 17 wherein the other primer is linked to a detectable label. 
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